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PREFACE

The work described in this report was authorized under Project No.
1L162706A553, CB Defense and General Investigation, Decontamination, Detection, ]
and Identification. This work was started in June 1984 and completed in |
September 1986. The experimental data are contained in laboratory notebooks

in the Division of Life Sciences, University of Texas at San Antonio. .
o e \

In conducting the research described in this report, the investiga- $

1

tors adhered to the “"Guide for the Care and Use of Laboratory Animals" as
promulgated by the committee on Revision of the Guide for Laboratory Animals
Resources, National Research Council.

The use of trade names or manufacturers' names in this report does
i not constitute an official endorsement of any commercial products, This
report may not be cited for purposes of advertisement,

Reproduction of this document in whole or in part is prohibited

; except with permission of the Commander, U.S. Army Chemical Research, s
p Development and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen Proving o
Ground, Maryland 21010-5423. However, the Defense Technical Information $

Center and the National Technical Information Service are authorized to
reproduce the document for U.S. Government purposes.

This report has been approved for release to the public.
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BOVINE BRAIN Ca++Mg++ ATPase: PARTIAL CHARACTERTIZATION

1. INTRODUCTIORN

The function of Ca*? extruding ATPases is to maintain the internal
free Ca*? concentrations around or below the micromolar level. These ATPases
exhibit high affinity for ca*? as expressed by K values in the range 0.1-0.5 uM,
and are apparently intrinsic membrane proteins because various detergents
extracted them in soluble form., Purifications of many of these solubilized pre-
parations were completed b; transport-specific fractionationl»? and calmodulin
affinity chromatography.3'

It is not yet clear whether these membrane transport proteins func-
tion in the membrane as monomers or in an aggregated multimeric state.
Structural studies suggest that the ATPase peptides of the sarcoplasmic retic-
ulum are in close contact in the membrane.8,9 Radiation inactivation studies
suggest proximity between Ca*2-ATPase molecules in a dimeric complex.10 Studies
of bidimensional membrane crystals, formed in the presence of vanadate, show
that the minimal asymmetric unit using these conditions consists of a dimer. 11
Martins and de Meis observed in studies of partial reaction of soluble and
membrane~-bound sarcoplasmic reticulum ATPase impairment of different interme-
diate reactions of the catalytic cyc]e.12 Other studies show that a detergent
solubilized monomer of ATPase preparations exhibits an activity similar to that
of the native enzyme, 13-

Although various ATPase reconstitution studies using protein from
different sources have partially elucidated phospholipid requirements, there
is evidence that suggests membrane components such as cholesterol influence the
function of numerous membrane proteins {(e.g. Na+, K+ -ATPase,16 acetylcholine
receptor,l’ and band 4.5 glucose transport proteinl8), Recently, inhibitor and

activator proteins of a Ca*2 ATPase in rat liver plasma membranes were observed,:

and a 53,000 dalton glycoprotein that enhances the ATPases' affinity for
ca]ciumzo’ was isolated from the sarcopliasmic reticulum.

Few reports characterize Ca*2 + Mg*t2.dependent ATPase in situ, using
native synaptic membrane preparations, To obtain basic information about the
properties of the Cat? + Mg*<-dependent ATPase that would guide and supporti
future studies, we studied the properties of Ca*Z + Mg*2-dependent ATPases of
bovine brain synaptic membranes. This tissue is a good source of protein due
its size and easy availability. In this report, we present evidence that sugge
the presence of two kinetic forms of Ca*Z + Mg+
from bovine brain,

2. MATERIALS AMD METHODS
2.1 Materials.

Adenosine-5'-triphosphate, from rabbit muscle, and trifluoperazine w: -

obtained from Boehringer~Mannheim, HEPES, tris, ouabain, oligomycin, diltiazc
and verapamil were obtained from Sigma Chemical Company, St. Louis, MO.
Malachite green was purchased from Aldrich Chemical Company, Milwaukee, WJ.

Al1 general laboratory reagents were of highest grade.
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2.2 Preparation,

Synaptosomes were prepared from approximately 10 g of bovine brain
tissue (cortex) obtained from Roegiein Provision Company, San Antonio, TX,
approximately 15 min after exsanguination., Synaptosomes were prepared by the
method of Hajos.2l! Bradford's22 method of using bovine serum albumin as
standard determined the protein.

2.3 ATPase Assay.

Phosphate released by hydrolysis of ATP was monitored
spectrophotometrically by the method of Lanzetta and co-workers,23 Al incu-
bations contained 100 ug of synaptic mebrane protein in a final volume of
2.0 mL, 0.01 M HEPES buffer at designated pH, calculated amounts of EGTA and/
or £DTA, 0.3 mM ouabain, and indicated amounts of ATP. Reactions were
carried out for 90 sec and terminated by addition of 200 ulL 6N HCl. After
thorough mixing, a 200 ul aliquot was removed, and the released phosphate
was determined spectrophotometrically., Total ATPase activity was determined
in the presence of indicated amounts of free Mg*2 and CatZ jons, Ca*tZ + Mg*2
dependent ATPase activity was determined by taking the difference between
assays run in the presence of both Mg*Z and Ca*Z ions and those run only in
the presence of Mg*z. A1l assays were conducted in triplicate with appro-
priate blanks. The amount of EGTA added to the buffer to control free Catl
in the presence of Mg*2 was calculated according to Bartfai.2% To check the
dependency of hydrolysis of ATP on free Hg*z, we calculated the cmount of
MgCly to be added in the presence of buffer that contained EDTA according
to the formulas and constants employed by Pershadsingh and McDonald.25
Two different assays referred to as "lTow" and "high" affinity were used with
respect to ATP concentrations where indicated. Low affinity assays were con-
ducted in 0.01 M HEPES buffer, pH 7.0, and high affinity assays were condu-
cted in 0.01 M HEPES buffer, pH 7.4. All assays contained 0.3 mM ouabain.
Table 1 summarizes the low and high affinity assay conditions,

Table 1. Reaction Micromolarity

Low Affinity High Affinity
ATP 200 12.5
Mg*2 250 100
cat? 2.52 2.52
8
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2.4 Analysis of Data.

All kinetic data were analyzed by the Fadie-Hofstee graphic procedure
as described by Walter.26 This type of graphic analysis was the most sensitive
to deviation from hyperbolic enzyme kinetics.

3. RESULTS

Two regions of saturation were observed with regard to release of
phosphate from ATP when assayed at a final hydrogen ion concentration of 7.2 in
the presence of 2.52 uM free Ca*2 and 200 yM free Mg*Z (Figure 1). One, a high
affinity activity, saturated at very low ATP concentrations (approximately
15 uM). A second, but lower affinity (Ca*? + Mg*2-dependent ATPase activity,
saturated at higher ATP concentrations (approximately 40-45 uM). In an attempt
to further characterize these activities, we examined the dependence of these
activities on hydrogen ion concentration. Two distinct profiles were observed
depending upon the ATP concentration i1sed in the assay (Figure 2). When assayc!
in the presence of 200 uM ATP (x-x), nydrolysis of ATP occurred over a broad
range of hydrogen ion concentration with maximum hydrolysis at pH 7.0. Assays
conducted in the presence of high ATP concentration (12.5 uM, 0-0) also ind-
icated a broad pH dependence with one maxima at pH 7.4 and a second at pH 7.8.
Assay of synaptic membrane homogenate preparations at pH 7.0 in the presence of
~igher and increasing concentrations of ATP (25-125 uM), and graphical analysis
of the ratio of velocity, and substrate concentration versus that of velocity
indicated K, and Vp,4 values of 24 yM and 110 ymoles/min/mg protein, respectivel;
(Figure 3). Synaptic membrane homogenates assayed at pH 7.4 in the presence of
low but increasing concentrations of ATP (2.5 - 15 uM) indicated saturation to
occur at approximately 7.5 uM (Figure 4), Fadie-Hofstee graphical analysis of
these data shown in the inset indicated K; and Vp,y values of 3.2 uM and
56 umoles/min/mg protein, respectively. Evaluation of the dependence of hydro-
lysis of ATP on free calcium at low (12.5 uM) and high (200 uM) ATP concentra-
tions buffered at optimal hydrogen ion concentration is shown in Figure 5,

Frame A, with an Fadie-Hofstee graphical analysis in Frame B. Hill Plot analysis
(Figure 5, Frame C) :ndicated slopes of 1.1 and 0.5 under low and high affinity
assay conditions, respectively. Both catalytic activities exhibited a Ky value
of 0.24 uM for calcium. However, Vp,, values obtained at Tow and high ATP con-
centrations differed significantly (128 and 49 umoles/min/mg protein). Figure ¢
shows the dependence of hydrolysis of ATP upon magnesium. Eadie-Hofstee granh-
ical analysis (high and low ATP concentrations, inset) revealed K, values of 1»
and 112 uM, respectively. Maximum velocity values were similar to those obtgir.
for previously examined kinetic parameters. Table 2 summarizes the kinetic c¢-n
stants assayed under optimal hydrogen ion, free calcium and magnesium, and ATD
concentrations. These conditions are referred to as low and high affinity ass«,
conditions. To ascertain if these activities were mitochondrial in nature, 1w
and high affinity ATPase assays were performed in the presence of several
mitochondrial inhibitors (Table 3). As indicated in the table, KCN, NaN;, an
ruthenium red did not inhibit either activity. Rotenone and oligomycin, in
general, inhibited 10-15%.
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Table 2, Summary of Kinetic (Ky) Constants

(uM)
Low High
ATP 24 3.2
Ca*e 0.24 0.24
Mg+2 110 18

Table 3. Effects of Various Cations on Low and High Affinity ATPase
Activities from Bovine Brain Synaptosomes

(% Inhibition)

Rotenone (12uM) 15 20
KCN  (0.1mM) 0 0
NNz (0.1mM) 0 0
Oligomycin (50uM)* 15 10
Ruthenium red (10QuM) 0 0

* Micromolarity calculated on an average molecular weight of 786.

To determine if one or both of these activities were calmodulin
‘ediated, synaptic membrane homogenates were assayed under low and high affinity
conditions in the presence of increasing amounts of the known calmodulin antag-
orist, trifluoperazine, Both activities were inhibited maximally (approximately
60%) at 30 uM trifluoperazine (Figure 7). The low affinity activity was very
sensitive to the classical inhibitor vanadate {Figure 8), whereas the high affin-
ity activity required approximately twice as much inhibitor to reduce the activ-
ity to 50% of control. In the presence of 10 uM vanadate, both activities were
reduced 90% or more, Lanthanum reduced both activities similarly but was not as
effective at lower concentrations. An extensive list of various cations (mono,
di, and trivalent), and their effect upon ATP hydrolysis is shown in Table 4,
Low and high affinity activities were inhibited by the cations to various degrees.
However, sodium and ammonium ions preferentially inhibited greater than 90% of
the low affinity activity but left greater than 90% of the high affinity activity
intact, Cesium, aluminum, and manganese totally inhibited the high affinity
enzyme, Manganese and aluminum ions inhibited low affinity activity approximately
50%, whereas cesium resulted in stimulation.
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Table 4. Effects of Various Mitochondrial Inhibitors on Low and High Affinity
ATpase Activities from Bovine Brain Synaptic Membrane Homogenates

Low Affinity High Affinity

% Control % Control
Cstl 78 0
Natl 5 91
NHytl 9 94
Li+l 57 11
Mn+2 52 0
Cut? 56 66
In*2 71 58
Co*2 34 34
Ba*2 72 132
Fet3 49 28
M3 51 0

A thermal lability study revealed the two activities to exhibit dif-
ferences with regard to thermal denaturation (Figure 9). The low affinity
activity gradually lost activity when incubated at 45 OC for increasing periods
of time. In contrast, the high affinity activity remained constant and unaf-
fected for 2 min after approximately 50% activity was lost. We were interestecs
in determining the effects of the allosteric calcium channel modulators, vera-
pamil and diltiazem, on these ATPase activities. Diltiazem significantly stim
ulated the high affinity ATPase activity but only slightly stimulated (approxi-
mately 10%) the lower affinity activity (Figure 10). The slight stimulation
was followed by a gradual but significant decline in ATP hydrolysis. Verapami!
inhibited only the low affinity activity with no apparent effect upon the hi:n
affinity ATPase activity (Figure 10).
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2 4. DISCUSSION

v The evidence suggests the presence of two kinetic forms of Cat? + Mg*2-
0 4ependent ATP hydrolase activities in bovine brain synaptic membrane homogenates
that could be distinguished on the basis of different pH profiles and saturation
plots using ATP as substrate. The pH studies were performed in the presence of a
fixed amount of total calcium in the presence of EGTA. The calcium/EGTA associ-
ation constant is strongly pH-dependent.24 Measurement of free Ca*¢ over the
narrow pH range used in this study revealed no changes in free ca*? concentra-
tion (data not shown), Earlier studies, using sarcoplasmic reticulum vesicles,
revealed the presence of a high affinity ATP binding site with a Ky of 1-5 uM
that, when phosphorylated in the presence of ca*?, gave rise to a low-affinity

b ATP-binding site g;th a Kp of 30-500 uM accompanied by a twofold to threefold
a increase in Vnax -
"
b Recently, Villalobo, et al., studied the Ca*Z2-transiocating ATPase
from human erythrocytes plasma membrane and observed a complex interaction
v between the major ligands (i.e., Ca*?, Mg*2, H*, calmodulin and ATP) and the
X enzyme.28 Furthermore, they demonstrated that the catalytic cycle of the Ca‘2-
23 translocating ATPase maintains multiple binding sites for Ca*Z? and two affini-
i ties for ATP, depending upon the presence or absence of calmodulin., Effects
3 of calmodulin removal was not directly examined, but under the described reac-
ke tion conditions, the calmodulin antagonist trifluoparazine inhibited approxi-
! mately 60% of both ATPase activities (Figure 7). Some of the calmodulin is '
& possibly inaccessible and is not affected by trifluoperazine treatment. -
’i‘
:j Although the villalobo studies used enzyme preparations derived from
nonneuronal tissues, there appear to be common features with synaptic membrane
. bound enzyme. For example, under optimal assay conditions, the high affinity .
» activity exhibits a of 3.2 uM with a maximum velocity of 43-55 nmoles Pi
lh released/min/mg protein, The low affinity activity exhibited a K, for ATP of
& 24 uM and a corresponding maximum velocity of 110-135 nmoles Pi released/
$ min/mg protein, which essentially represents a twofold increase in V compared
to the high affinity activity. Examination of ca*? dependence revealed
B 2.52 uM free ngz to be optimal with a decrease in high affinity activity at
5 higher free Ca © concentration, Although the values derived under low and
R high ATP concentrations were identical ?0.24 uM), Hill coefficients were not,
(§ indicating no interaction (cooperativity) of Ca*¢ under low affinity conditions.
h- Thus, a single binding site for Ca*2 or multiple binding sites that are com-
, pletely independent of one another exist under low affinity conditions. Under
R high affinity conditions, we observed a Hill constant of <1, which indicates
g a negative cooperativity between CatZ and more than one Ca*é binding site.
f Using a calmodulin-affinity purified preparation, Villalobo and co-workers ob-
R served much higher Hill coefficients that indicated significant positive coop-
ﬁ erativity between CatZ binding sites, These differences could arise from either
the differences in tissue as a source of protein or the differences in molecular
" environment arising for detergent solubilization, Additionally, steady-state :
v kinetics of ATP hydrolysis reflect different Hill coefficients, depending on the ;
R pH and concentrations of Na*, k*, and Mg*2.29-33 Michaelis and cosworkers, using
i(

synapt1c+9embranes from mammalian brain tissue, ogierved Ko.s (Ca+ ) of 0.23,

Ko.s (Mg" ) of 6.6 uM, and for ATP of 18.9 uM, With gﬁe exception of the
kinetic constant for Mg*z, these values are in general agreement with those we
derived for the low affinity activity.
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The two affinities we describe possibly reoresent two different mem-
branes (i.e., plasma versus microsomal). The low and high affinity activities
we describe were very sensitive to vanadate and, to a lesser degree, lanthanum,
Some investigators used vanadate sensitivity to discriminate microsomal and
plasma membrane CatZ+Mg*t2-dependent ATPase activity from that of the sarco-
plasmic reticulum.3 Half-maximal inhibition of the low and high activity by
vanadate is approximately 2 and 5 uM, respectively. Evaluation of effects of
various mono, di, and trivalent cations indicated the monovalent cations, sodium
and ammonium, preferentially inhibited the low affinity act1v1t¥ Previouslty,
LotersztaJn and Pecker observed various cations to uncouple Ca*¢ transport from
Ca*2 stimulated (Cat2-Mg*2)-ATPase in rat liver plasma membrane.l9 In that study,
cations were carefully substituted for CaCl,. Our data do not represent a sub-
stitution but merely a determination of the effects of addition of various cat-
ions, and the free cationic concentration is probably considerably lower than the
added 25 uyM. However, the free cationic concentration is probably considerably
higher than those "free" cation concentrations used in the Lotersztajn and Pecter
study. The possibility that cations have not effectively increased the free Cat?
concentration by combining with EGTA, can not be ruled out; although, no stimu-
lation by Fe*Z, Mn*2 or Co*2 in the rat liver plasma membrane was chserved.l?
Hatlosensitive Ca*? transport is a recognized component of plasma membranes from
excitable tissues3d and has also been described in k1dney36 and dog red blood
ceNs.? We found Nat as wSH 3%, NH,*l dons to be significantly inhibitory. Lin
and Way concluded that Mg* é+, and ATP have specific roles in requlating
Ca*? permeability of the plasma membrane, ca1c1um b1nd1n?, and ca1c1um exgru°1on.
In addition to the preferential effects of Na‘*! and NH, ions, Cs*tl, Mn*o, and
A1 *3 completely inhibited the high affinity activity but reduce the 1ow affinity
activity 22, 48, and 49%, respectively. If the low and high affinity ATPase
activities we describe represent two different configurations as previously pro-
posed,2’ a certain configuration could interact with specific charge groups that

may be inaccessible in the alternate configuration. Examination of thermal lahility

revealed that the high affinity activity appears to be heat stable up to 2 min then

loses activity rapidiy. The low affinity activity lost activity gradually over the

duration of the experiment.

The 1,4-dihydropyridine family of calcium antagonists binds saturahbly
and reversibly with high affinity to specific sites that appear to mediate hloct-
ade of calcium ion flux through voltage-dependent calcium channels in a number of
tissues,38 Binding studies with radioactive derivatives have shown that the
dihydropyridine derivatives recognize a binding site distinct from thut €

pamil and diltiazem.39-31 Dpiltiazem (30 uM) stimulated high affinity ATP h«H
lysis 40% and low affinity activity 10% at lower concentration. Verapamii, rh‘
negative allosteric calcium channel modulator, had no effect upon the hign
affinity ATPase activity, whereas a slight decrease was observed under low «¢fin-
ity assay conditions, These results raise the possibility that the calciur hin-
nel allosteric sites and the low affinity ATP catalytic conformations or site iy
be Tocated very close to one another or that the conformations that result foow
diltiazem administration may be more optimal for ATP hydrolysis.

Recent reports by Lin and Uay42 and Papazian et al. 43 suggest that tne
Ca*2 ATPase, MgtZ-ATPase, and (Ca*Z+Mg*Z)-ATPase activities in synaptic pl s
membranes reflect the operation of three separate enzymes, The SCa 2aMg*t T S AT s
activity is thought to regresent enzyme activity linked to a Ca*¢ transport pro-
cess in nerve endlngs Lin and Way conclude that synaptic plasma menhrane
contains a high affinity Ca*t2-ATPase that may have a functional role in the

23

2 Xd T Yol L L

P S IRy

LI L, v

REROLNIUALOUILOR YN A 0 ' iy
S ORI WAL A AL T AT N Rt A M o".a'k_.'l.q’i.n‘tc",l",.o'ha.im'lQ".l il l."‘.n '.0".0 .9".\".0".[ ,!",Q".O“a";l"."‘»‘ (X .lhol M .!“d.‘.'.l":l".vh‘



e AVg 57 4%y By 1ip A . . .
P ENRANANRERERE AN KRR KNI R R R LR KX VR VAR RN PR N O W AR O T oy o e ORI

lwmugdl of ~ytosolic Cat<.%" The activities we describe represent only the
47 +Mg*2)_ATPase.

The detailed enzyme mechanism that couples ATP hydrolysis and ion

pumping is not well understood. In 1982, Hammes proposed, in a method similar

Cick,27 a single mechanism that describes coupling between ion transport and
ratalysis for a diverse group of enzymes. & For the proposed mechanism to work,
the enzyme must have two available conformations. Formation of the phosphoenzyme
ny ATP occurs with one conformation of the enzyme, and hydrolysis of the
vhosphoenzyme occurs with the other conformation of the enzyme. An interaction
anong major ligands (ie., Ca*2, Mg*2, H*l, calmodulin and ATP) and enzyme may
cxist.?8 Although the structural basis of conformational changes associated with
the ion pumping mechanism is the subject of numerous studies in the sarcoplasmic
roticulum47-51] much more information is needed on the synaptic processes.

CONCLUSIONS

Our results suggest that the Ca** channel either directly interacts
with the (Ca*t Mg**)-dependent ATPase, or that a close spatial relationship
txists between a specific catalytic site of the ATPase in either the diltiazen
hinding site or the resultant conformational change in the Ca‘*t channel.
Although these results are consistent with the hypothesis of two kinetic confor-
mations of a single synaptic membrane protein, we cannot rule out the alter-
native hypothesis that there are two different concentrations.

24

DL g Wi n . W, ) oA g RPN -
B N R e PO IR LA T O SO O T MO ORI A0 Lo g O Sy At g

..‘
o)

=

-
-

",
A T,

-
.



FRERERFAVRENYR T VN T POTUT LU T NS
3 o . g acg-aege g <
- W WUWCY YOV PEAS AR Bl fa) o8 o Vg~ QY SR BEE BN RS B By 8y¢ 630 Byt 90t 65"

LITERATURE CITED “

e :

[yt

1. Goldin, S.M., and V. Rhoden, "Reconstitution and "Transport .ﬁ

Specificity Fractionation" of the Human Erythrocyte Glucose Transport System: v

A New Approach for [dentification and Isolation of Membrane Transport Proteins," y

J. Biol. Chem. Vol. 253, pp 2575-2583 (1978). v

U

2. Ortiz, 0.€., and R.A. Sjodin, “Sodium-and Adenosine-Triphosphate- ﬁ

Dependent Calcium Movements in Membrane Vesicles Prepared from Dog Erythrocytes," {
J. Physiol. Vol. 354, pp 287-301 (1984).

: 3. Caroni, P., and E. Carafoli, "The Ca*2-Pumping ATPase of Heart ﬁ
Sarcolemma: Characterization, Calmodulin Dependence, and Partial Purification," 4
J. Biol, Chem. Vol. 256, pp 3263-3270 (1981). <

]

4. Chiesi, M., and E. Carafoli, "The Regulation of Ca*z-Transport by Fast
Skeletal Muscle Sarcoplasmic Reticulum: Role of Calmodulin and the 53,000- Y,
Dalton Glycoprotein," J. Biol. Chem. Vol. 257, pp 984-991 (1982). h

5. DeSchutter, G., Wuytack F., Verbist, J., and Casteels, R., "Tissue 2
levels and Purification by Affinity Chromatography of the Calmodulin-Stimulated it
Calt- Transport ATPase in Pig Antrum Smooth Muscle," Biochim. Biophys. Acta )
vol. 773, pp 1-10 (1984).

3911, , Penniston, J. T., and Carafoli, E., "Purification of the 4

Ca+2 ) ATPase from Human Erythrocyte Membranes Using a Calmodulin Affinity i
C01umn," J. Biol. Chem. Vol. 254, pp 9955-9958 (1979). A
]

. Nu tack, F., DeSchutter, G., and Casteels, R., "Purification of ]
(Ca+2 + Mg*¢)-ATPase from Smooth Muscle by Calmodulin Affinity Chromatography," q
FEBS lett. Vol. 129, pp 297-300 (1981). )
O

8. Andersen, J.P., Fellman, P., Moller, J.V., and Devaux, P.F. :
"Immobilization of a Spin-Labelled Fatty Acids Chain Covalently Attached to l
cat2-ATpase from Sarcoplasmic Reticulum Suggests an Oligomeric Structure,” )
Biochemistry Vol. 20, pp 4928-4936 (1981).

9. Wang, C.T., Saito, A., and Fleisher, S., "Correlation of Ultrastructure f
of Reconstituted Sarcoplasmic Reticulum Membrane Vesicles with Variation in by,
Phospholipid to Protein Ratio," J. Biol, Chem. Vol. 254, pp 9209-9219 (1979). L

10. Hymel, L., Maurer, A., Berenski, C., Jung, C., and Fleisher, S., :
“Target Size of Calcium Pump Protein from Skeletal Muscle Sarcoplasmic .

3 Reticulum," J. Biol, Chem. Vol. 259, pp 4890-4895 (1984). )
)

11. Taylor, K., Dux, L., and Martonosi, A., "Structure of the Vanadate- '
Induced Crystals cf Sarcoplasmic Reticulum Ca*2-ATPase," J. Mol. Biol. o
Vol. 174, pp 193-204 (1984). g

¢

12. Martins, 0.B., and de Meis, L., “Stability and Partial Reactions of v
Soluble and Membrane-Bound Sarcoplasmic Reticulum ATPAse," J. Biol. Chem, ’
vol. 260, pp 6776-6781 (1985). n

U
25 ]

A LA UL W L . o~
R W AN S DU O o O N OO O SOOI ; - W N .y (
L MU O M SO AN A S APLLIOR DO .t..l'u't'oJ‘o.l’o.l'o.l'o. BTN 00, R e B Ry Ve Sl Bt i, i‘:“




M R T ML S W TS M WU W T I W AP TS U L R T T, T L T R T TR R R O R R S W T W o ey NAYNYRYVNY | URUN LN W . iyt
s ’ * ! 28 h & . )

13. Deun, W.L., and Tanford, C., "Properties of a Lelipidated, Detergent. 5!
rctivated Ca*2-ATPase," Biochemistry Vol. 17, pp 1683-1690 (1978). &
I|’

14, Jorgensen, K.F., Lind, K.E., Roigaard-Petersen, H,, and Moller, J.V., i

"The Functional Unit of Calcium-Plus-Magnesium-Ion-Dependent Adenosine A
Triphosphatase from Sarcoplasmic Reticulum: The Aggregational State of the o
Deoxycholate-Solubilized Protein in an Enzymically Active Form," Biochem. J. (i
Vol. 169, pp 489-498 (1978). ' R

15. Moller, J.V., Lind, K.E., and Andersen, J.P., "Enzyme Kinetics
and Substrate Stabilization of Detergent-Solubilized and Membrane (CatZ+Mg*2)-
Activated ATPase from Saracoplasmic Reticulum: Effects of Protein-Protein et
Interactions," J. Biol. Chem. Vol. 255, pp 1912-1920 (1980).

16. Yeagle, P.L., “Cholesterol Modulation of (Na* + K*)-ATPase ATP

Hydrolyzing Activity in the Human Erythrocyte,” Biochim, Biophys. Acta )
Vol. 727, pp 39-44 (1983). N
17. Criada, M., Eibl, H., and Barrantes, F.J., "Effects of Lipids on b,
Acetylcholine Receptor. Essential Need of Cholesterol for Maintenance of N
Agonist-Induced State Transitions in Lipid Vesicles," Biochemistry Vol. 21, N
pp 3622-3629 (1982). i
pY
18. Connolly, T.J., Carruthers, A., and Melchior, D.L., "Effect of Bilayer %j
Cholesterol Content on Reconstituted Human Erythrocyte Sugar Transporter C;
Activity," J. Biol. Chem. Vol. 260, pp 2617-2620 (1985). }{
19. Lotersztajn, S., and Pecker, F., "A Membrane-Bound Protein Inhibitor of
the High Affinity Calcium ATPase in Rat Liver Plasma Membranes," J. Biol. W
Chem. Vol., 257, pp 6638-6641 (1982). !
f,
20. Campbell, K.P., and MacLennan, D.H., "A Calmodul in-Dependent Protein oy

Kinase System from Skeletal Muscle Sarcoplasmic Reticulum: Phosphorylation of
a 60,000-dalton Protein," J. Biol, Chem. Vol. 257 pp 1238-1246 (1982).

21. Hajos, I., "An Improved Method for the Preparation of Synaptosomal ;ﬁ
Fractions in High Purity," Brain Res. Vol. 93, pp 485-489 (1975). b&
l".
22. Bradford, M., "A Rapid and Sensitive Method for the Quantitation of o
Microgram Quantities of Protein Utilizing the Principle of Protein-Dye )
Binding," Anal. Biochem. Vol. 72, pp 248-254 (1976). d
\
23. LlLanzatta, P., Alvarez, L., and Candia, 0., "An Improved Assay for N
Nanomole Amounts of Inorganic Phosphate," Anal. Biochem. Vol. 100, pp 95-97 \
(1979). B,
24. Barfai, T., "Preparation of Metal-Chelate Complexes and the Design of !
Seady-State Kinetic Experiments Involving Metal Nucleotide Complexes," y
Advances in Cyclic Nucleotide Research, Vol. 10, Raven Press, New York (1979). N
)
N
e
B
|’.‘

26 "’1




RPN e 1 ¥ L ; . . N
RO G O DS S DO AN O NN RN U N BN L T hl-"h"'u

R T S P U I P T TR SN A TR T VN EN AL AN RF R TN RN R AR PG SOR SO R0 R IO O KA R NI ¥ g% o E Lt g

25. Pershadsingh, H.A., and McDonald, J.M., “A High Affinity Calcium- o
Stimulated Magnesium-Dependent Adenosine Triphosphatase in Rat Adipocyte et
Plasma Membranes," J. Biol. Chem. Vol. 255, pp 4087-4093 (1980). A

26. Walter, C., " Graphical Procedures for the Detection of Deviations 'w
from the Classical Model of Enzyme Kinetics," J. Biol. Chem. Vol. 249, $.
pp 699-703 (1974). y

27. Pick, U., "Interaction of Fluorescein Isothiocyanate with Nucleotide- )
Binding Sites of the Ca-ATPase from Sarcoplasmic Reticulum," Eur. J. Biochem. -
vol. 121, pp 187-195 (1981). G

28. Villalgbo, A., Brown, L., and Roufogalis, B.D., "Kinetic Properties of
the Purified Ca*<-Translocating ATPase from Human Erythrocyte Plasma Membrane," e
Biochimica et Biophysica Acta Vol. 854, pp 9-20 (1986).

29. DuPont, Y., "Kinetics and Regulation of Sarcoplasmic Reticulum ATPase," oﬁ
Eur. J. Biochem. Vol. 72, pp 185-190 (1977). KA

27

, . X X R \)
LN ) !h‘.h Sl '.h.’l-'!l' .h'.h" TN “!‘n.‘.



